Objective: To examine the relationship between hospital outcomes and expenditures in patients undergoing bariatric surgery in the United States. Background: As one of the most common surgical procedures in the United States, bariatric surgery is a major focus of policy reforms aimed at reducing surgical costs. These policy mechanisms have made it imperative to understand the potential cost savings of quality-improvement initiatives. Methods: We performed a retrospective review of 38,374 Medicare beneficiaries undergoing bariatric surgery between 2011 and 2013. We ranked hospitals into quintiles by their risk and reliability-adjusted postoperative serious complications. We then examined the relationship between upper and lower outcome quintiles with risk-adjusted total episode payments. Additionally, we stratified patients by their risk (low, medium, high) of developing a complication to understand how this impacted payment. Results: We found a strong correlation between hospital complication rates and episode payments. For example, hospitals in the lowest quintile of complication rates had average total episode payments that were $1321 per patient less than hospitals in the highest quintile ($11,112 vs $12,433; P < 0.005). Cost savings was more prominent amongst high-risk patients where the difference of total episode payments per patient between lowest and highest quintile hospitals was $2160 ($12,960 vs $15,120; P < 0.005). In addition to total episode payment savings, hospitals with the lowest complication rates also had decreased costs for index hospitalization, readmissions, physician services, and postdischarge ancillary care compared with hospitals with the highest complication rates. Conclusions: Medicare payments for bariatric surgery are significantly lower at hospitals with low complication rates. These findings suggest that efforts to improve bariatric surgical quality may ultimately help reduce costs. Additionally, these cost savings may be most prominent amongst the patients at the highest risk for complications.
A s one of the most common surgical procedures performed in the United States, 1-3 bariatric surgery is a major focus of policy initiatives aimed at improving quality and reducing costs. There is a growing pressure from policymakers to hold hospitals (and their surgeon's) accountable for costs of surgical episodes (eg, bundled payments), and also total spending for their populations (eg, accountable care organizations.) These policy mechanisms have made it imperative to understand the potential costs savings of quality improvement and selective referral initiatives. [4] [5] [6] [7] Thus, in addition to the self-evident goal of improving quality for these procedures, providers, payers, and policy makers increasingly need to understand what impact quality of surgical care may have on costs. 8 There is conflicting evidence about the relationship between quality and cost for surgical procedures. It is possible that highquality care requires more resources and therefore cost more to payers. For example, 1 report of Medicare beneficiaries undergoing major inpatient surgery found that hospitals with higher costs to payers were associated with better outcomes. 9 In contrast, delivering high-quality care could reduce costs to payers, particularly if complications and associated expenditures are avoided. 10, 11 Moreover, in the context of population health, it is unclear the extent to which targeting quality-improvement initiatives aimed at high-risk populations undergoing surgery can reduce overall costs. 12 In this context, we designed a study to describe the association of hospital rates of complications for bariatric procedures and the total episode costs to payers. Such findings are timely as payers move toward value-based payment models, and providers attempt to anticipate the financial impact of quality-improvement initiatives. .51, and 45.9), and who also had a concurrent diagnosis code for morbid obesity (ICD9-CM codes 278.0, 278.01, 278.02, V77.8), as done in previous studies using administrative claims. [13] [14] [15] Patients with a diagnosis code for abdominal malignancies were excluded (ICD-9-CM codes 150.0-159.9 or 230.1-230.9). In addition, we excluded bariatric operations that were revisions. Because no specific ICD-9-CM code exists for bariatric revisions, these cases were defined as any bariatric procedures performed after an index bariatric operation using the same codes as listed above.
METHODS

Data Source and Population
Hospitals were identified by their provider number in the MEDPAR file. Additional information about each hospital was obtained by linking the MEDPAR file with data from the American Hospital Association Annual Survey. 16 This study was approved by the Institutional Review Board at the University of Michigan, and deemed exempt due to use of secondary data. low-quality hospitals. To do so, we first identified postoperative complications using ICD-9-CM codes as done in previous bariatric cohorts. 15, 17 These included the following categories of complications: anastomotic, cardiac, genitourinary, hemorrhagic, neurologic, obstruction, postoperative shock, pulmonary, splenic injury, thromboembolic, wound infection, and reoperation.
We then further identified serious complications as any of the above and prolonged length of stay >75th percentile for the specific procedure performed. We added this length of stay criteria as done in previous studies to give clinical face validity (ie, that the complication had meaningful clinical impact) to the rate and make it more specific. 11, 18 Finally, hospitals were then placed in rank order by rates of serious complications and divided into ordinal quintiles. Rates of serious complications were both risk and reliability-adjusted described in detail below. ''High-quality'' hospitals were fined as those in the quintile with the lowest rates of serious complications. Similarly, those in the quintile with the highest complication rates were labeled ''low quality.''
Assessment of Hospital Payments
We used payment data from the MEDPAR file to understand if location of care-high-quality versus low-quality hospitals-was associated with any differences in costs. Because hospital charges have wide variation and do not reflect the actual expense to payers, we used actual hospital payments. Our total episode payment included the admission for the index operation up until 30 days after discharge. We abstracted data from inpatient, outpatient, carrier (ie, physician), home health, skilled nursing facility, long stay hospital, and durable medical equipment files. Payments were then collapsed into 4 separate categories: index hospitalization, readmissions, physician services, and postdischarge ancillary care.
Payments were price-standardized to account for how hospitals are paid differently by Medicare based on their geography (ie, to account for cost of living and variable wage index) and the type of setting in which they provide care (eg, if they serve a disproportionate share of low-income patients or participate in graduate medical education.) By removing these intended adjustments made by payers, the payment amounts allow for a better comparison of resource utilization in the 2 settings. Methods for price standardization was performed based on original reports from the ''Medicare Payment Advisory Commission'' and techniques later described by the Dartmouth Institute. 19, 20 The same approach has been used in multiple previous studies to compare payments in Medicare administrative claims among surgical cohorts.
10,21
Statistical Analysis
The overall goal of this analysis was to describe the relationship between hospital quality and costs to payers for bariatric procedures. The first step required us to accurately determine quality based on the rates of serious complications at each individual hospital. Because hospitals differ in the patient populations they care for and the proportion of different bariatric operations they perform, the rates of complications needed to be risk-adjusted. A multivariable logistic regression model that accounted for patient age, sex, race, comorbidities (as described by Elixhauser et al 22 and Southern et al 23 ) and operation type (eg, laparoscopic sleeve gastrectomy, laparoscopic Roux-en-y gastric bypass, open Roux-en-y gastrectomy, etc) was used to calculate a risk-adjusted rate of serious complications for each hospital. To account for possible secular trends, the year of operation was also included in our regression model.
We also performed a reliability adjustment to account for random variation in observed outcomes. Because many hospitals may have lower case volumes, it may be difficult to determine if the observed outcomes at these centers truly reflect the quality they provide or ''statistical noise'' (ie, chance). Our approach to reliability adjustment that accounts for ''statistical noise'' has been previously described. 17, [24] [25] [26] Briefly, this technique uses hierarchical modeling and empirical Bayes estimates to ''shrink'' lower-volume hospitals toward the overall population mean proportionally to the strength of their statistical signal (ie, their surgical volume.) Thus, our final quintiles to identify high and low-quality hospitals were based on risk and reliability-adjusted outcomes.
After identifying high and low-quality hospitals, we compared them with respect to patient and hospital characteristics using chisquare and Wilcoxon rank-sum tests, as appropriate. We then compared Medicare payments. To account for their nonparametric distribution, payments were log-transformed. In addition to total episode payments, we also assessed the individual payment components (index admission, readmission, physician services, postdischarge ancillary care) to understand possible sources of differences. We also sought to understand payments at high and low-quality hospitals for different patient populations. Based on the same multivariable logistic regression model described above for risk adjustment, patients were divided into quintiles based on their preoperative risk of developing a complication. Patients in the quintile most likely to develop a complication were labeled ''high risk.'' Similarly, those in the quintile that were least likely to develop a complication were labeled ''low risk.'' We then compared payments for ''high risk'' and ''low risk'' quintiles of patients at both high and low-quality hospitals.
Analyses were performed using STATA 14 (StataCorp, College Station, TX.) All tests were 2-sided and significance was determined by a value of <0.05.
RESULTS
Characteristics of patients treated at high and low-quality hospitals are summarized in Table 1 . Patients treated at high-quality hospitals were on average older (age 55.2 vs 54.3 years; P < 0.001) compared with patients treated at low-quality hospitals. There was no difference between the 2 groups with respect to sex (% male 25.6 vs 25.6; P ¼ 0.99). For the majority of comorbidities identified in this study, there were no statistically significant differences. The majority of patients (81.3% in low-quality hospitals and 79.3% in high-quality hospitals) had at least 2 or more comorbid conditions. The average rate of serious complications for patients treated at low-quality hospitals was higher compared with high-quality hospitals (4.8% vs 1.9%; P < 0.001).
High and low-quality hospitals overall did have multiple differences in their hospital characteristics (Table 2 ). For example, compared with low-quality hospitals, the high-quality hospitals were more likely to have for-profit ownership (28.3% vs 17.1%; P ¼ 0.04), <250 beds in size (40.6% vs 16.9%; P ¼ 0.001), and fewer number of operating rooms (21.9 vs 29.0; P ¼ 0.04). They had no difference in their geographic distribution or their nurse staffing ratios.
There was a strong association with high-quality hospitals and lower Medicare payments. For example, average total episode payments for bariatric procedures at high-quality hospitals were $1321 per patient less compared with low-quality hospitals ($12,433 vs $11,112; P < 0.0001). Analysis of each payment component (index hospitalization, physician services, readmission, postdischarge ancillary care) yielded similar differences ( Fig. 1 and Table 3 ).
In subgroup analyses by patient risk, high-quality hospitals were associated with lower Medicare payments across all quintiles of patient risk (Fig. 2) . For example, low-risk patients treated at highquality hospitals cost on average $656 less than low-risk patients treated at low-quality hospitals (P value). The difference was more prominent among high-risk patients where the difference in payments per patient between high and low-quality hospitals was $2160 ($12,960 vs $15,120; P < 0.0001).
DISCUSSION
This study of hospital quality and Medicare expenditures for bariatric surgery had 2 principle findings. First, we found a strong correlation between high-quality hospitals and lower payments from Medicare. This implies that reducing rates of complications for bariatric surgery may result in significant savings for payers. Second, we found that cost difference between high and low-quality hospitals was most prominent amongst patients who were at high risk for developing complications. Thus, a second cost-saving strategy for bariatric surgery may be selective referral of high-risk patients to high-quality centers. Taken together, this study supports emerging policy shifts toward value-based and bundle payment Multiple previous studies have attempted to describe the relationship between hospital quality and costs to payers. A major limitation of previous reports associating high-quality care with higher costs was the inability to accurately assess payments from the payer perspective. Specifically, prior studies lack ''price adjustment'' that fully accounts for intended subsidies to hospitals that participate in graduate medical education or care for a disproportionate share of low-income patients. 9, 27, 28 More recent studies that directly account for these same intended payment adjustments have been able to demonstrate an association of high-quality care with lower costs for nonbariatric inpatient operations. 10, 11 Our present study adds to the latter group by also demonstrating that hospitals providing high-quality care (ie, those with lower complication rates) are associated with lower costs to payers for one of the most common elective operations-bariatric surgery.
Whether or not hospitals are financially incentivized to improve quality has also been a matter of debate. For example, 1 analysis of administrative claims in a 12-hospital nonprofit health system found that surgical patient admissions with complications had higher contribution margins (ie, hospital profit). 29 The authors ominously concluded that, ''many hospitals have the potential for adverse near-term financial consequences for decreasing postsurgical complications.'' In contrast, a review of a single institution registry for surgical admissions demonstrated that patients with higher complications actually returned lower profit margins to the hospitals. 30 This study adds to the debate by demonstrating from a payer perspective-hospitals with lower complication rates provide care with lower Medicare expenditures.
This present study should be interpreted within the context of multiple limitations. First, we used administrative claims data that may not accurately capture complications. To limit this potential coding bias, we used codes described in the ''Complications Screening Program'' that are significantly more sensitive and specific for capturing inpatient complications. 31, 32 In addition, we added a length of stay criteria to increase the specificity of our outcomes. 33 Second, by using Medicare data, our study did not include many younger patients who undergo bariatric procedures. Although important to understand this younger population as well, by using Medicare data, Difference in standardized and case-mix (risk) adjusted 30-day episode payments. Hospitals quality represents hospitals ranked into quintiles by their risk and reliability-adjusted rates of serious complications. Low-quality hospitals represent the quintile of hospitals with the highest complication rates. this study evaluates the largest payer in the country who is actively piloting value-based payment models. 34 As such, this likely reflects the population where our findings of costs and quality will be first applied to inform future alternative payment models. Finally, by utilizing Medicare data, we were not able to assess the possible impact centers of excellence may have on payment. Because Medicare restricted payment to centers of excellence up until 2013 (the final year of this study), hospitals without centers of excellence designation were not available as a possible control group. Nonetheless, more than 88% of bariatric procedures are currently performed at centers of excellence, 35 and thus our findings are generalizable to the majority of bariatric surgery providers.
Several implications for both policy and practice related to bariatric surgery emerge from our findings. First, this study helps align the goals of quality improvement and cost savings for bariatric surgery. Building on previous reports demonstrating that payers carry the financial risk of poor surgical quality, 36 our findings should encourage payers to support and even incentivize hospitals in their quality-improvement initiatives. Numerous quality-improvement initiatives exist that could be subsidized by insurers, such as statewide collaboratives. 37 More recent evidence studying video of seasoned bariatric surgeons found that the wide variation in their technical skill correlated with rates of postoperative complications, 38 suggesting surgeon skill as another possible target for quality improvement. Second, our findings provide new insight into how patient risk of developing complications influences costs. Whereas it is self-evident that patients at high risk for complications may be more costly, the results here reveal that preventing complications in this group actually represents a large opportunity for cost savings. Thus, as payers and healthcare administrators target opportunities for cost savings, they may begin by supporting quality-improvement programs at hospitals with the highest-risk patients. Alternatively, they may consider selective referral for this high-risk population. Finally, as policy makers continue to move toward value based payment models (eg, bundle payments, accountable care organizations), their rationale seems justified. In addition to improving patient care, our study suggests that providing high-quality care can be achieved at lower costs to payers.
CONCLUSIONS
In summary, Medicare payments for bariatric surgery are significantly lower at hospitals with low complication rates. These findings suggest that efforts to improve bariatric surgical quality may ultimately help reduce costs. Additionally, these cost savings may be most prominent amongst the patients at the highest risk for complications. FIGURE 2. Total episode costs for bariatric procedures at high and low-quality hospitals stratified by high and low-risk patient groups. 
